The researchers cannot control the composition and structure of coarse grained soil in the indoor experiment because the granular particles of different size have the characteristics of random distribution and no sorting. Therefore, on the basis of the laboratory tests with the coarse grained soil, the HHC-Granular model, which could simulate the no sorting and random distribution of different size particles in the coarse-grained soil, was developed by use of cellular automata method. Meanwhile, the triaxial numerical simulation experiments of coarse grained soil were finished with the different composition and structure soil, and the variation of shear strength was discussed. The results showed that the internal friction angle was likely to reduce with the increasing of gravel contents in the coarse-grained soil, but the mean internal friction angle significantly increased with the increment of gravel contents. It indicated that the gravel contents of shear bands were the major factor affecting the shear strength.
Introduction
The strength parameters of granular media are the main factor to affect the stability of dumping site. However, the reasonable strength parameters of granular media are hard to get. Jiang Jingshan's studies showed that the composition and fabric granular particle were the fundamental reasons that induced the macromechanical properties to be complex and led the macroscopic mechanical properties to show strong dispersion characteristics [1, 2] . The influencing factors can be broadly divided into two kinds [3] . The first factor is the test site, load-applying manner, sample size, confining pressures, strain rate, drainage condition, the factors related with the material properties, and so forth. The second factor is human uncontrol. With the help of the traditional indoor tests method, the influence of artificial control factors on the strength of granular media had been thoroughly studied in order to obtain relatively reasonable values. Jiang et al. [4] discussed the effect of density and confining pressure on the mechanical properties of granular media and the influence on the stress-strain curves caused by confining pressure. Liu et al. [5] researched on the shear properties of rockfill under different stress paths conditions through large scale triaxial tests. Jiang and Zhao [6] and Dang et al. [7] studied the influence of shear rate on the shear strength of soil in triaxial tests. Li et al. [8] and Bagherzadeh-Khalkhali et al. [9] investigated the effect of the maximum particle size in coarse grained soil on the shear strength. Mao-tian et al. [10] accomplished the triaxial experiments of two series of loading on the sand by use of conventional triaxial compression test apparatus and studied the stress history and lithology, over consolidation ratio.
"Granular particle materials of different particle size is distributed randomly in space" is an obvious feature of granular media samples. The thesis [11, 12] indicated that the arrangement of mutual position and interparticle force of granular particle had important effect on the mechanical properties. Actually, many problems were related to the fabric 2 Journal of Spectroscopy of granular media. The granular media fabric of sample was uncontrolled in the indoor tests and the experiments would cost lots of time and labor. So it was, by far, that very few people studied this field. In fact, by reason of the random distribution of the different granular particle during the tests, the fabric of granular samples might be quite different. Even if the tests personnel, experimental method and material, experimental grading and density, and experimental apparatus are identical, the indoor tests results also are different. Therefore, using a few indoor tests results to stand for the strength parameters was unreasonable and such mechanical parameters had no representativeness. So it is necessary to introduce into the numerical simulation triaxial tests for coarse-grained soil.
HHC-Granular Model

Laboratory Triaxial Experiment.
At first, a group of indoor triaxial tests of granular media was carried out, and the experimental image was shown in Figure 1 . According to the classification and naming of granular media [13] , the granular media of laboratory experiment was described as the gravel (0.005∼0.06 m), sand (0.0001∼0.005 m), and soil (<0.0001 m). The particle size range was given in Table 1 . The tests apparatus is the stress-control triaxial compression which was developed by Sichuan University. The maximum particle selected 0.06 m and its shear rate was 5 * 10 −7 m⋅s −1 . The tests confining pressure selected 200 kPa, 400 kPa, 800 kPa, and 1600 kPa and the experiment was shut down in axial strain 15%.
In keeping with the laboratory experimental conditions as soon as possible, the granular media sample of numerical simulation test was considered to consist of three kinds of similar particle materials that were the coarse gravel, medium-grained sand, and fine-grained soil. Therefore, the cellular automata was employed to generate randomly the homogeneous hybrid composite in order to prepare the samples with different initial fabric of grain.
HHC-Granular
Model. By use of the horizontal and vertical lines of equal intervals, two-dimensional space was divided into the cellular space consisted of square, and each square was cellular. The cellular spatial grid was 50 × 100. The eight neighbors' Moore model was shown in Figure 2 ; when the black cellular was the central, the eight cellulars with the diagonal line are its neighbor.
There are three kinds of cellular states representing three different materials, 2: gravel; 1: sand; 0: Soil. In the procedure, we used different colors to indicate the cellular of different states and took the periodic boundary conditions as the boundary condition.
Cellular automata has discrete features on the time and space and can make synchronized calculation, and its cellular state changed with the change in time and space. In the cellular space, at first, several nucleation-points appeared randomly; then the cellular gradually developed according to probability around the nucleation-point. The more the cellulars around the nucleation-point, the greater the growing probability, and when there were no cellulars around the nucleation-point, the growth probability was zero. As the ambient cellulars were the same kind of cellular, the growth probability was 100%. The evolution would be continued until the material met the required content percentage.
The cellular was not the simultaneous evolution but the ergodic evolution in the cellular space. It was distinct from previous cellular automaton that cellular evolution depended on not only back state of neighbor cellular, but also current state of neighbor cellular evolved, Figure 3 was the interface of HHCGranular model with three granular medias (gravel, sand, and soil). The granular media samples which were generated by HHC-Granular model could characterize the granular inhomogeneous and random distribution from the graph. This model could define the different contents of soil, sand, and gravel and randomly generate samples with the different fabric in the same particle size grading so as to prepare the requiring granular media samples. The HHC-Granular model was maneuverable. Introducing the granular media sample which was simulated by the HHC-Granular model into the FLAC 3D , we could realize that the distribution of each particle size was identical.
Simulating Results.
Triaxial Numerical Simulation Tests
Numerical Calculating Model.
In the riaxial numerical calculating model of granular media, the specimen dimensions was 0.5 m × 0.01 m × 1 m, the normal constraint was applied on the = 0 m and = 0.5 m planes and the normal stress was applied on the = 0 m and = 0.01 m planes; the = 0 m plane was applied on the normal constraint and the = 1 m plane was applied on the loading rate.
Material Parameters and Experimental Schemes for Numerical Simulation Tests of Granular Media.
In keeping with indoor tests conditions, this simulation tests took the indoor triaxial tests of granular media as a reference. The loading rate is 5 * 10 −7 m⋅s −1 and the normal stress adopted 200 kPa, 400 kPa, 800 kPa, and 1600 kPa. The material parameters of gravel, sand, and soil were acquired based on the parameters of indoor tests and the simulating test using the Mohr-Coulomb model; the simulating tests' material parameters were shown in Table 1 .
According to the project names and classifications with the granular media [13] , the granular media was divided into five categories to follow the contents of greater than 5 mm: that was sand of soil, sandy soil of gravel, gravelly soil of sand, sandy gravel of soil, and sandy gravel of rubble. The classification is in Table 2 .
To study the reasonable strength parameters with different granular media, the paper selected the HHC-Granular model to prepare the five different granular media samples and the simulating five samples of granular media were shown in Figure 4 . Meanwhile, each granular media prepared 40 groups of samples with different fabric to do the triaxial simulation tests. The strength parameter of different initial fabric of grain was acquired. Figure 5 contrasted the stressstrain curve of laboratory experiment with that of triaxial numerical simulation test in the experimental schemes II. The simulation curves were wave type from the chart, while the indoor tests were not so obvious, because the shear bands avoided the coarse particle and always had some coarse particles in the simulation test until the failure surface was formed. In the numerical simulation tests process, the simulation curve could form a wave rising trend line, while the indoor triaxial tests were completed to express mainly particle displacement and its curves performed for the smooth curve. Overall, the stress-strain curves between the simulation tests and the indoor triaxial tests were uniform largely, which indicated that the triaxial numerical simulation tests, which combined the FLAC 3D with the HHC-Granular model, were feasible. Figure 6 was the different fabric charts of FS.G, and Figure 7 was the corresponding contours of shear-strain rate. Combining Figure 6 with Figure 7 , we could see that the gravel of Figure 6 (a) appeared primarily near the shear bands and its internal friction angle was 29.69 ∘ . The sand accounted for a larger proportion near shear bands in Figure 6 (b) and its internal friction angle was lower than that of Figure 6 (a). The internal friction angle of Figure 6 (c) was 26.84 ∘ , and the contents of soil in the shear bands was relatively higher. The results showed that when there was more gravel in the nearby shear bands, the internal friction angle values were higher, and the shear strength was relatively lower as a lot of soil lied in the nearby shear bands. Thus the shear strength of samples had to do with the particle distribution in the vicinity of shear bands. Figure 7 showed that, as the influence of coarse particles on the tests, the shear failure plane was not regular shear plane, but some curved surface. However, the tendency of curve surface showed that the curves of shear bands appeared as a single shear bands or " " shear bands. Therefore, in order to quantify the impact of coarse particles in the shear bands on the shear strength, this adopted the " " shear bands to analyze the effect of gravel contents within the shear bands on the shear strength of sample. in the triaxial simulation tests to obtain the gravel contents of shear bands. And then the producing grid image was induced into AutoCAD and shear bands were set. The schematic diagram was shown in Figure 8 . The units of gravel in the shear bands were acquired by comparing with the unit number generated by the HHC-Granular model. Finally, we could calculate the gravel contents of shear bands:
Test Results
Numerical Simulation.
Shear Bands and Inclination
where 5 is gravel contents of shear bands, is total units of gravel in the shear bands, and is total units of sample. According to Finno et al. [14] , the inclination angle and thickness of shear bands with Sandy soil of gravel were taken as = 65 ∘ and = 0.045 m, with which we obtained the gravel contents of FS.G with 60 groups different fabric in the shear bands. The relationship between gravel contents in shear bands and internal friction angle of FS.G was shown in Figure 9 . Figure 9 showed that the internal friction angle is increscent with the increasing of the gravel contents with the shear bands, and there was a linear relation between the gravel contents of shear bands and the internal friction angle. It indicated that the gravel contents of shear bands were the major factor affecting the shear strength.
The range value of internal friction angles ( ) with the five categories granular media, which were acquired through the triaxial simulation tests, was shown in Figure 10 . The internal friction angle ( ) was not always increment with the increase of the sample gravel contents from the chart. The higher of gravel contents 4% is greater than the lower as the gravel contents are 15%. When the gravel contents are 40%, the lower is less than the higher of gravel contents 15%. Similarly, the higher , as the gravel content is 40%, was greater than the lower when the gravel content is equal to 60%. Actually, the phenomenon, which the internal friction angle of higher gravel contents sample is less than that of lower sample gravel contents, can also appear in the indoor tests. It is caused by the different fabric of sample. Although the sample gravel contents were higher, due to the lower sample gravel contents in the shear bands, the internal friction angle may decrease. The analysis showed that the influence factors to the strength parameters of granular media were not always the sample gravel contents, but the gravel contents of shear bands in some situations. Figure 11 expressed the relationship between the average internal friction angle that was got through the triaxial simulation test and the samples gravel contents with sand of soil, sandy soil of gravel, gravelly soil of sand, sandy gravel of soil, and sandy gravel of rubble. Figure 11 showed that although the of higher gravel contents was less than that of lower gravel contents, the average internal friction angle of different gravel contents obviously increased with the increment of sample gravel contents and the relationship between and sample gravel contents could be expressed by exponential relation which could provide reference for the selection of mechanical parameters.
Conclusions
Generally, acquiring the mechanical properties of similar particle size with the granular media is relatively easy in the indoor tests. However, the granular media has characteristics of obvious heterogeneity and randomness, which caused the reasonable mechanical parameters to be obtained difficultly through a few indoor tests. The paper, combining HHCGranular model with FLAC 3D , tentatively discussed the influence of gravel contents on the shear strength of granular media. The results showed that the stress-strain curves of numerical simulation tests were consistent with that of indoor tests with granular media. With the increase of gravel contents within the shear bands, the internal friction angle was increscent and the relationship expressed linear relation, and the internal friction angle might decrease when the gravel contents increased. However, the average internal friction angle of different gravel contents is increasing obviously with the increase of sample gravel contents. 
